In this paper, our objective was to investigate extraction efficiency of polyphenols with antioxidant capacity from two varieties of grapes (white-Muscat Ottonel (MO) and red-Pinot Noir (PN)) using pulsed electric field (PEF). Grapes were harvested in the Crisana Santimreu vineyard in 2015. The grapes were declustered and crushed, and have been divided into three parts. A part was treated in PEF, the second one was homogenized, and then was treated in PEF and the last part remained untreated, representing the control samples. The bioactive compounds, like total polyphenol content and total flavonoid content, were determined by the spectrophotometric method. The antioxidant capacity of the samples was determined by three methods (DPPH, FRAPand TEAC). Our results show that the application of PEF to the crushed grapes increases the total polyphenol content 2.28 and 3.15 times and the total flavonoid content 7.17 and 5.29 times for MO and PN, respectively. Also, the antioxidant capacity was significantly increased when it was compared with the control sample. When the treatment in PEF was applied on homogenized grapes both bioactive compounds and antioxidant capacity were significantly increased compared to the samples treated in PEF for crushed grapes. In the present research work, we demonstrated that the application of PEF to two different grape varieties significantly increased the level of total polyphenols and flavonoids and also the antioxidant capacity. The application of PEF to homogenized grapes was more efficient.
INTRODUCTION
Grape polyphenols give these fruits and products derived from them many biological properties with a positive impact on human health (Banc et al., 2014) . Polyphenols, which mainly include phenolic acids, flavanols, stilbenes (resveratrol), and anthocyanins are distributed in grapes, especially in the skins and seeds (Xia et al., 2010) . The largest amount of phenolic compounds is found in the seeds and husks of the grapes, while the flesh contains a small amount of such compounds. Also, the amount and the profile of polyphenols vary depending on the variety, climate, soil composition, and cultivation techniques. Polyphenols are secondary metabolites that are synthesized in large amounts in the case of fungal infections (Xia et al., 2010) . Anthocyanins are polyphenols that are responsible for the red color of grapes, while flavan-3-ols are more abundant in varieties of white grapes.
From grapes, must and wine are produced, but they are also used to obtain non-alcoholic beverages. For this reason, we want to find the optimum technology so that the polyphenols in the grape skin can be extracted more efficiently.
In the last years, unconventional extraction methods, known as "green" technologies (ultrasound, microwave-assisted extraction, pulsed electric field) were applied to winemaking techniques in order to increase the extraction of bioactive compounds (Azmir et al., 2013) . PEF treatment is an alternative to processing raw material, especially fruit, in order to obtain high quality products that are rich in bioactive compounds. Most often, PEF treatment is used for liquids, for example juices, dairy products, and alcoholic beverages (Kumar et al., 2016) . Some of the advantages of the PEF treatment compared to conventional treatments are: the use of low temperatures, shorter processing time of the products etc.
The mechanism of the PEF technology consists in an electric field in form of short or high-voltage impulses applied to the sample, which is situated between two electrodes. Pulse application time is short, mostly microseconds (12-20 µs). When applying the electric field, a critical electrical potential is introduced along the cell membrane, which leads to mechanical changes. These changes help increase cell membrane permeability and the formation of pores in membranes, which enables the transfer of cell content on the outside or cell destruction. Due to the property of cell destruction, PEF treatment is applied in food industry and to control microbial growth, besides improving the extraction of polyphenols (Yang et al., 2016) .
In this paper, our objective was to investigate extraction efficiency of polyphenols with antioxidant capacity from two varieties of grapes (whiteMuscat Ottonel (MO) and red-Pinot Noir (PN) using pulsed electric field (PEF). PEF treatment was applied to a mixture of declustered and crushed grapes but also to a homogenized mixture before PEF treatment to highlight if the homogenization of grape mash contributes to efficient extraction of polyphenols.
MATERIALS AND METHODS

Grape samples and PEF treatment.
Two varieties of grapes, a white one, Muscat Ottonel (MO), and a red one, Pinot Noir (PN), were harvested in the Crişana-Santimreu vineyard, Romania, in 2015 and transported to the laboratory, where they were washed, declustered and crushed, resulting in a mash (a mixture of skins, seeds, and must) that was divided into 3 parts. A part was treated in PEF, and the samples were labeled MO-PEF and PN-PEF. The second part was homogenized using a laboratory blender, then it was treated in PEF, while the samples were labeled MO-PEF* and PN-PEF*. The third part was not treated in PEF and represents the control sample.
For PEF treatment we used a system of two conductor drums that rotate in opposite directions and train the mash. Inclined grooves are applied on the surface of the two drums, the angle of inclination being chosen so that the end of a tooth corresponds to the beginning of the next one. The power supply allowed the adjustment of voltage in the range 0…240 Vcc, and the intensity of the electric current between the 2 drums situated at a distance of 2 mm from each other did not exceed 2A. Voltage pulses were applied to the two drums, having the frequency correlated to the rotation speed of the drums. By inserting a rheostat between the source and the drums we obtained a decreasing voltage-current characteristic. In this way, the discharge takes place in an area at a certain distance along the length of the drums, and only the mash passing through that area is treated. The voltage between the drums causes the piercing of the membrane of the grapes. The tooth tip produces a high concentration of the electric field strength that is favorable to the initiation of the electrical discharge.
In the case of this treatment, the following characteristics were applied: the intensity of the electric current did not exceed 2A, the pulse duration was about 20 µs.
After applying PEF treatment, the samples were centrifuged at 5000 rpm for 20 minutes and from the supernatant the physical-chemical and biochemical analyses, that are described below, were determined, and the experimental plan is shown in Fig. 1 .
2. Chemicals. Folin-Ciocalteu's, DPPH (2,2-diphenyl-1-pi crylhy drazyl), TPTZ (ferrous tripyridyltriazine), ABTS (2,2′-Azino-bis(3-ethyl benzothiazoline-6-sulfonic acid) diammonium salt), Trolox reagents were purchased from Sigma-Aldrich. All other reagents used were of analytical purity.
3. General chemical analysis. The mash obtained from the two varieties of grapes, both treated and untreated in PEF, was analyzed in terms of the physical-chemical characteristics, determining pH, titratable acidity (g tartaric acid/L), and the refractive index (degrees Brix).
4. Determination of bioactive compounds. The total polyphenol content (TPh) was determined by the Folin-Ciocalteu method (Singleton, 1999) using gallic acid as standard to obtain the calibration curve (y=26.82x+0.035, R 2 =0.982). The results were expressed in mg GAE/L. The total flavonoid content (TFlav) of the samples was determined Extraction of Bioactive Compounds from Two Grape Varieties Using Pulsed Electric Field using the aluminum chloride colorimetric method (Kim et al., 2013) . Quercetin was used as a standard, and the results were expressed as mg quercetin equivalents (QE)/L (y=0.515x+0.046, R 2 =0.992). The total monomeric anthocyanin pigment content (MAP) was determined by the pH-differential method (Giusti and Wrolstad, 2001 ). Two dilutions of each mash sample were carried out, one in phosphate buffer solution KCl 0.025M (pH=1) and another on in acetate buffer solution 0.4M (pH=4.5). The dilutions were carried out so that the absorbance of the samples at λmax does not exceed 1.2. The samples were kept for 20 minute for balancing, after which the absorbances at λmax and 700 nm were cited. The absorbance of the diluted samples was calculated according to the formula: A = (A λmax -A700) pH 1.0 -(A λmax -A700) pH 4.5, and the MAP concentration in the original mash samples was calculated using the formula: MAP (mg/L) = (A × MW × DF × 1000)/ (e× 1), where MW is the molecular weight, DF is the dilution factor, and e is the molar absorptivity. The results were reported compared to cyanidin-3-glucoside (MW = 449.2 and e= 26,900).
5. Antioxidant capacity. The antioxidant capacity of the mash, treated or untreated in PEF, was determined by three methods. The ability to remove the free radicals of the samples was performed by the in vitro DPPH method (BrandWilliams et al., 1995). Trolox was used as standard to obtain the calibration curve (y=1042x-1.425), and the results were expressed in mmol TE/L. The FRAP method was used to measure the power of reduction of the mash samples according to the method described by (Benzie and Strain, 1996) , with minor changes. The method consists in the reduction of ferric tripyridyltriazine complex [Fe(III)-TPTZ] by a reductant, at an acid pH. Trolox was used to obtain the calibration curve (y= 14.91x+0.0115, R 2 =0.988), and the results were expressed in mmol TE/L. The TEAC method is based on the ability of antioxidants to decrease the cation-radical life (ABTS+), a blue green chromophore that absorbs at 734 nm (Jurca et al., 2016) . Trolox was used as standard to obtain the calibration curve (y=372.4x+1.171, R 2 =0.998), the results were expressed in mmol TE/L.
Statistical analysis
The statistical analysis of the data was done using PAST (PAleolontological Statistical software, Hammer & Harper, 2005) . The bio active compounds, antioxidation capacities and separately the physical-chemical parameters were processed by one-way analysis of variances (ANOVA) (P = 0.05). Mean values differences were analysed with Tukey's test (P = 0.05). The parameter values are displayed as average ± standard deviation (n=6). For each column (i.e. parameter), different letters describe statistical significant differences between the mash samples (P = 0.05). PN-PEF and PN-PEF*, respectively), and a significant increase of the titratable acidity compared to the control sample (9.3% and 31.55% for PN-PEF and PN-PEF*). PEF treatment also resulted in the increase of degrees Brix, in the case of the mash of the two varieties of grapes (2.25% and 2.69% for MO-PEF and MO-PEF*; 4.9% and 9,75% for PN-PEF and PN-PEF*). In the Fig.2 
RESULTS AND DISCUSSIONS
The effect of PEF treatment on bioactive compounds (TPh, TFlav, MAP) of the mash samples of two varieties of grapes.
After applying PEF treatment both to the mash obtained from declustered and crushed grapes, and to the homogenized mash, we determined through the spectrophotometric method the total polyphenol content, the total flavonoid content, and the monomeric anthocyanin pigment. These results are shown in Tab. 2.
Of the two studied varieties, the largest amount of TPh was obtained in the case of PN grapes, followed by MO. When treating the mash in PEF for both varieties of grapes we noticed significant increases in polyphenols and flavonoids. When applying PEF treatment to the mash resulting from crushing MO grapes we observed increases in the TPh content 2.28, and 8.77 times, respectively, for MO-PEF and MO-PEF*. When applying PEF treatment to PN grapes, TPh increased 3.15, and 11.99 times, respectively, for PN-PEF and PN-PEF*. Regarding the total flavonoid content, the flavonoids were much better extracted by applying PEF treatment. Significant increases in the total flavonoid content were obtained for both varieties of grapes. Thus, when applying PEF to MO grapes, we obtained an increase by 7.17 times, and 5.29 times for PN grapes. Applying PEF to homogenized grapes leads to a much more efficient extraction of these compounds 41.77, and 37.09 times, respectively, for the MO-PEF*, and the PN-PEF* samples, respectively. For the mash of PN red grapes there were also significant increases in monomeric anthocyanin pigment, 2.35 and 3.89 times for PN-PEF and PN-PEF*. Our data is consistent with other studies (López-Giral et al., 2015; Donsì et al., 2011; Puértolas et al., 2010) that have revealed that PEF treatment leads to the increase in color intensity. The color is given especially by the anthocyanins. If PEF is applied to the homogenized mash, the values of these bioactive compounds increase significantly compared to the control sample, but also to the mash obtained by mechanical crushing of the grapes (1.65 times more). Through homogenization, a rupture in the cell walls is obtained, thus favoring the release of components from vacuoles following PEF treatment.
Tab. 2.
The total polyphenol content (TPh), the total flavonoid content (TFlav), and MAP of grape samples, treated and untreated in PEF The parameter values are displayed as average ± standard deviation (n=6). For each column (i.e. parameter), different letters describe statistical significant differences between the mash samples (P = 0.05).
To better highlight the increase in bioactive compounds after the two PEF treatments, the relative ratios of the quantities of bioactive compounds compared to the control sample was represented in Fig. 3 .
The results regarding the antioxidant capacity of the mash samples, treated and untreated in PEF, of two varieties of grapes are presented in Tab. 3. In both PEF treatments, there was an increase in antioxidant capacity, much higher when applying PEF to homogenized grapes. The increase in antioxidant capacity is shown in Fig. 3 . For the mash of MO grapes we noticed that the homogenized mash (MO_PEF*) has the highest increase in antioxidant capacity. The most important changes were obtained when evaluating the homogenized sample of MO using the ABTS method, followed by the FRAP and DPPH methods. In the case of samples of PN grapes we also noticed significant increases in homogenized samples, the highest relative ratio yielding for ABTS values, while the relative ratios of DPPH and FRAP are similar (Fig.3) . The parameter values are displayed as average ± standard deviation (n=6). For each column (i.e. parameter), different letters describe statistical significant differences between the mash samples (P = 0.05).
The reason for which applying PEF treatment resulted in the extraction of bioactive compounds in large quantities for a variety of grapes compared to the other lies both in the initial concentration of these compounds and in the location of the metabolites in different cell compartments (cytoplasm or vacuoles) (López-Giral et al., 2015) . Flavonoids are the most common phenols in the grape mesocarp, especially in the case of white grapes . Proanthocyanidins and flavanols (catechins) are mainly accumulated in specific vacuoles of hypodermal skin cells of grapes, while anthocyanins are accumulated in vacuoles and cytoplasmic vesicles named anthocyanoplasts (Teixeira et al., 2013) . PEF treatment leads to a permeability of the membranes, and thus allows the release of intracellular content.
CONCLUSION
Using PEF treatment on grapes obtained by manual declustering and crushing resulted in significant increases in bioactive compounds, and, implicitly, in the increase of the antioxidant capacity. In addition, if the grapes are homogenized and then we apply the PEF treatment, both the amount of bioactive compounds and the antioxidant capacity increase significantly. These results may have practical application for the beverage industry when you want to obtain soft drinks (juices) or alcoholic drinks (wine) that contain a high amount of bioactive compounds. An additional stage in the technology of obtaining types of wine, that includes a homogenization stage before applying the PEF treatment, would result in obtaining wines rich in bioactive compounds and with a much more intense color. Future studies shall be conducted to observe the evolution of bioactive compounds during storage from samples of juice and wine from PEF-treated grapes.
